Vanilla planifolia (Orchidiaceae) is a species that is renowned globally and represents the largest source of vanillin flavoring used in the food, cosmetic and pharmaceutical industries. This study was carried out to analyze by TLC and HPLC-PDA vanillin in herbal material and tincture from V. planifolia. The herbal material was obtained with hydroalcoholic solution under reflux; and a kinetic reaction was performed by TLC. The influences of solvent and herbal material concentration were studied through an experimental design. The solutions (herbal material, tincture and standard -vanillin) were prepared and analyzed in HPLC coupled with DAD detector, using wavelength of 280 nm. The total extraction of vanillin was achieved after three extraction cycles, using 1.0 g of herbal material and Ethanol 50% (v/v) as solvent. The method was linear ( R 2 > 0.99) and demonstrated repeatability (RSD < 0.90), intermediate precision (RSD < 1.09), recovery (93.12-113.74%), as well as robustness (RSD < 4.33). The total content of vanillin found was 1.82 g% and 0.21 g% for herbal material and tincture, respectively. A simple and optimized method for sample preparation by reflux was able to provide the exhaustive extraction of vanillin and does not compromise the reliability of the HPLC-PDA method. The chromatographic procedure was validated to separate and quantify vanillin in herbal material and tincture from pods of V. planifolia.
Introduction
Vanilla planifolia Jacks. ex Andrews (Orchidiaceae), also known as Notylia planifolia (Andrews) Conz and is popularly known in Brazil as "baunilha" (1) . It is a specie that is renowned worldwide for its "aroma of vanillin" produced by the pods, the only comestible member of this botany family (2) (3) (4) (5) . The plant is native to Central America and South America, occurring in tropical and subtropical areas (6) . In its chemical composition, the species shows some phenolic compounds, such as p-hydroxybenzoic acid and vanillic acid. However, the main compound present in vanilla, is vanillin (4-hydroxy-3-methoxybenzaldehyde), which is used worldwide as a flavoring agent in the food, cosmetic and pharmaceutical industries (7) (8) (9) (10) . In regard to the commercial relevance of vanillin, quantitative analysis plays an important role in the standardization of herbal material and extractives obtained from the Vanilla planifolia species. Several analytical tools have been used to perform the quality control of vanilla extractives such as thin layer chromatography -TLC (11) , high performance thin layer chromatography -HPTLC (12), gas chromatography -GC (13) , solid-phase microextraction followed by GC (14) , micellar electrokinetic chromatography (15) and high performance liquid chromatography -HPLC (16, 17) . Despite extensive studies with HPLC due to its sensitivity and accuracy, the literature reports certain analytical approaches focused either on drug material or derived product from V. planifolia. Thus, this paper describes the resulting optimization study by TLC, and the experimental design and validation of a high performance liquid chromatography coupled with photodiode array detector (HPLC-PDA) method for determination of vanillin in herbal material and tincture obtained from V. planifolia.
Experimental

Chemicals and materials
Reference substance Vanillin (98% purity) was purchased from Vetec ) and distilled water to obtain the tincture were also used. The vanilla pods (Vanilla planifolia) were purchased from Germany (Kräutergarten
General procedure for herbal material
The sample of herbal material was transferred to a roundbottom flask of 250 mL and added to 30.0 mL of hydroalcoholic solution (50%, v/v). The mixture was heated up in a water bath, under reflux, for 30 min. Subsequently, the extract was cooled to room temperature (25 °C), filtered through cotton into a volumetric flask of 100 mL and the residue (cotton and herbal material) was re-extracted twice using 30.0 mL of hydroalcoholic solution for 15 min. The volume was completed to 100 mL originating the stock solution (SS).
Kinetics of extraction by TLC
The sample was prepared as described above and the extraction kinetics were evaluated by TLC analysis of collected fractions (100 µL) from the extraction medium, for 15 min each until reaching 120 min. The extraction performance was confirmed by a second series of experiments using the following time intervals: 0, 30, 45 and 60 minutes. Aliquots of 10 μL from each collected fraction or standard solution (vanillin 1.0 mg/mL in methanol) were applied at 5 mm band width, in tracks on precoated TLC silica gel 60 F254 aluminum plates (20 × 10 cm; 250 µm thickness;
Macherey-Nagel ® , Germany). The chromatograms were developed in a twin trough vertical glass chamber (20 x 10 cm; Camag ® , Switzerland) using anhydrous acetic acid: methanol: methylene chloride (0.5:1:98.5, v/v/v) as mobile phase. The optimized chamber saturation time for the mobile phase was 30 min at room temperature (25 ± 2 °C). After development, the plate was dried and the components were visualized by UV irradiation at 254 nm. Each analysis was carried out in duplicate.
Optimization of drug extraction
The influences of solvent and amount of herbal material on extraction performance were studied through an experimental design 2 2 added to 3 central points (19) . Each point represents an average of three determinations. The results were adjusted by Partial Least Squares (PLS) to a mathematical model, which was evaluated statistically and used to generate the response surface. The independent variables for experimental design were the solvent concentration and herbal material amount. The dependent variable (response) was the peak area (mUA) of vanillin. In order to compare the effects of factors, their natural values of independent variables were coded (Table 1) . A second order model was established for the responses by PLS and its validation was performed through analysis of variance, multiple-correlation coefficients, and estimation of the lack of fit using STATISTICA6.0 (Statsoft ® , USA) (19) . 
HPLC-PDA Analysis
The quantitative analyses were performed with High Performance Liquid Chromatography (Ultimate 3000, ThermoScientific 
Wavelength selection, Specificity and Identification of the peak
The wavelength for determination of peaks was performed by scanning the standard, vanillin, in the range from 190 nm to 400 nm. The analysis of the spectrum was used to confirm the identity of each compound of interest. Additionally, scans from 190 nm to 400 nm were performed for the extract solution from the herbal material, tincture and for the spiked extractive solution and tincture with the standard (vanillin) in order to verify the occurrence of deviation from the maximum wavelength. Therefore, the peak in the samples were identified by comparing their retention time and area with the standard.
HPLC-PDA method development and validation
For validation of analytical method developed, the guidelines of ICH (International Conference on the Harmonization of Technical Requirements for the Drug Anal Res, 2018; 02, 1-7 Registration of Pharmaceuticals for Human Use) (20) were used along with the Brazilian regulation RDC 166/2017 employed by National Health Surveillance Agency (ANVISA) (21) .
System suitability
According with Food and Drug Administration (FDA), the standard solution of vanillin was considered for system suitability determination, where a minimum resolution (Rs) of analyte peak from closet peak > 2; precision/injection repeatability (RSD) ≤ 1 with number onf samples ≥ 5; capacity factor (k') > 2; tailing factor (T) ≤ 2 and number of theorical plates (N) > 2000 (22) .
Specificity
The specificity was determined by analysis of chromatograms of vanillin and the solutions of herbal material and tincture from V. planifolia. The PDA-detector in association with the software resource provided by the workstation and co-elution of the standard and the extracts were employed to confirm the purity across the peak at a retention time corresponding to that of vanillin.
Calibration curve of the standard
The linearity was determined by calibration curves of the standard solution (vanillin), herbal material and tincture of V. planifolia. Regarding the curve of the standard, 50.0 mg of vanillin was dissolved in a 50.0 mL volumetric flask with methanol (1.0 mg/mL). The standard solution was used to prepare the calibration curve containing five points each and ranged from 32.0 to 48.0 mg/mL. The samples curves (herbal material and tincture) were prepared with a concentration of between 1600 and 2400 µg/mL. All solutions were filtered through nylon membrane (0.45 µm, 13 mm, FilterPro ® ) before injection and each concentration point was performed in triplicate. The data were evaluated by the slope; the intercept with respective confidence intervals; and the coefficient of determination (R 2 ). The calculations and statistical evaluation were carried out by linear regression and Analysis of Variance (ANOVA).
Limits of detection (LOD) and quantification (LOQ)
The limit of detection (LOD) and limits of quantification (LOQ) were calculated based on the standard deviation (S) of the intercept with axis Y and the slope of the calibration curve (I). LOD was calculated according to the expression 3.3 x S/I and LOQ was established by using the expression 10 x S/I.
Precision
The precision of the method was evaluated at three levels: repeatability and intermediate precision. The standard deviation (SD) and relative standard deviation (RSD%) were calculated by the injection of six independent samples at test concentration of 100% to the level of repeatability; and in the intermediary precision was calculated from three independent samples at test concentration of 100%, analyzed by two operators on two different days (for the herbal material and the tincture).
Accuracy
The accuracy was determined through recovery analysis. Samples of the herbal material and tincture were added to known amounts of vanillin in the following concentrations: 80, 100 and 120% of the analysis concentration. The experiments were performed in triplicate and the percentage of recovery substance was determined by dividing the actual concentration obtained by the experimental concentration using the calibration curve of the standard and multiplied by 100%.
Robustness
The robustness of both methods were evaluated by performing minor modifications to the methodology, monitoring retention time (Rt) and vanillin content, such as: flow rate of mobile phase (0.900 mL/min and 1.100 mL/min); pH of the mobile phase (pH 2.0 phase A and phase B 3.0, pH 3.0 phase A and phase B 4.0); and column oven temperature (23 °C and 25 °C).
Quantification of vanillin
The concentrations of vanillin in herbal material and tincture were obtained using the calibration curves of vanillin.
Results and discussion
Kinetics of reaction by TLC
The exhaustive extraction of vanillin from V. planifolia pods plays an important role due to the economic interest in the natural resource of this substance. Thus, extraction procedures and conditions have been tested to improve the extraction yield with a lower cost and shorter time. Certain approaches are reported in the literature, examples being modified traditional methods (mixtures of solvents, fraction enrichment and time of extraction); or assisted extraction by using ultrasound, microwave or pressure (23) . Due to the inherent advantages of assisted methods, they are promising strategies for large-scale production of vanillin (24) . Regarding the preparation of analytical samples, the optimized conventional methods can offer a simple and efficient validity method. The chromatogram obtained from the herbal material was observed under ultraviolet light and four bands with blue/violet color could be observed, with one of them showing the same position obtained from the standard solution (Rt ~ 0.9). Moreover, the chromatogram data enabled us to note that the spot corresponding to the vanillin achieved maximum intensity after 30 min of extraction, suggesting that this corresponds to the range in which the extraction of this metabolite occurs. After 45 min, a significant reduction in the intensity of the spots was observed, corresponding to the pattern including vanillin.
Drug Anal Res, 2018; 02, 1-7 Subsequently, the exhaustion of herbal material occurs, with the disappearance of the chromatographic bands. The data revealed that the time required for the extraction of vanillin and complete exhaustion of the herbal material was reached after 50 min. Thus, the realization of the extraction cycle with an initial extraction of 30 min and then 15 min 2x more provided assurance of the procedure of herbal material preparation for analytical tests for the quality control of V. planifolia (Figure 1 ).
Figure 1
The chromatographic analysis by TLC of the extraction of herbal material from pods of V. planifolia.
Optimization of drug extraction parameters
The results for method performance with herbal material and solvent concentration are shown in Table 1 . The experimental data is used to generate second-order models for each dependent variable. The lack-of-fit test was not significant. The mathematical model to be used to explain the surface and the data used to generate the response surface is seen in Figure 2 . The statistical analysis of the experimental design is summarized in table 2. The F-test showed significant influence for both factors (drug amount and solvent concentration), demonstrating that they play an important role on the studied response. Moreover, the t-test for the coefficients showed the statistical importance of both linear terms, but the drug amount was the main factor and improves the analytical response (Figure 2) . The contributions of second-orders terms are understood as the presence of curvature and describe the major behavior of the solvent concentration. 
Method development
In this study, the mobile phase, column chromatography and other conditions were the same employed throughout the process. Initially, various mobile phases were tested in order to establish the optimum condition for analysis of the herbal material and tincture of V. planifolia. Several studies report the use of different mobile phases by modifying only the aqueous phase: using a 1% phosphoric acid (23), or acetic acid 0.2 M (24), 0.05% (25), 1.25% (26) , and the ratio of water: acid acetic -99.8:0.2 (16) . Some of these studies report the use of organic mobile phase consisting of a mixture with acetonitrile and methanol, since acetonitrile is an expensive solvent. Moreover, what these studies have in common is the use of type C18 columns, which, according to Sinha et al. (16) , using columns of this type retains more polar compounds. Thus, both mobile phases in this study were acidified with glacial acetic acid, which increased the peak resolution vanillin compared with trifluoroacetic acid and phosphoric acid, and the column used was of type C18, to support the pH range of the selected mobile phase, resulting in better peak resolution. After reading the wavelength determined by scanning (190-400 nm), it was adjusted to 280 nm. Subject to the conditions, vanillin showed an average retention time of approximately 13.0 minutes. The chromatograms obtained for vanillin, herbal material and tincture are shown in (Figure 3 ). 
Method validation
The system suitability test involves the check of limits for chromatographic parameters to prove that the data and system are adequate for the analysis and can be submitted to regulatory agencies. The values obtained for the analysis of standard vanillin was: Rs = 2.8; RSD = 0.37; k' = 2.7; T =0.81; and N = 11177. The results found for this system demonstrating good criteria of acceptance. The linearity of the method was confirmed using calibration curves of the standard (vanillin), herbal material and tincture at five concentration levels. The results of the calibration curves showed good linear correlation between the values of the area and determined concentration, with R 2 values > 0.99. According to regression analysis curves of the standard, herbal material and vanilla tincture there was no lack of fit. The LOD and LOQ were calculated according to the equations indicated and the analytical method showed good sensitivity for quantification of vanillin in herbal material and tincture of V. planifolia pods (Table 3) . The robustness should be evaluated during the development of the HPLC-PDA method by performing small changes in the original method, since in chromatographic methods, among other aspects, the pH of the mobile phase, flow rate, and column temperature can be altered. In this sense, the method can be considered robust for the three parameters that have been modified and the results are shown in Table  5 . There were no differences in the area and the retention time of vanillin, with RSD < 5%. 
Conclusions
Despite the complexity of presenting vegetable matrices, with the analysis of the parameters evaluated by TLC and HPLC-PDA the development and validation of the method for quantification of vanillin in herbal material and tincture of Vanilla planifolia showed suitability of the methodology for the parameters established by the current international guidelines, and can clearly be used in quality control of herbal material and tincture of this specie.
